A mutant of DNA polymerase I (Klenow fragment) with reduced fidelity.
The kinetic parameters governing incorporation of correct and incorrect bases into synthetic DNA duplexes have been investigated for Escherichia coli DNA polymerase I [Klenow fragment (KF)] and for two mutants, Tyr766Ser and Tyr766Phe. Tyr766 is located at the C-terminus of helix O in the DNA-binding cleft of KF. The catalytic efficiency for correct incorporation of dNTP is reduced 5-fold for Tyr766Ser. The catalytic efficiencies of all 12 possible misincorporations have been determined for both KF and Tyr766Ser by using single-turnover kinetic conditions and a form of the enzyme that is devoid of the 3'-5' exonuclease activity because of other single amino acid replacements. Tyr766Ser displays an increased efficiency of misincorporation (a reduction in fidelity) for several of the 12 mismatches. The largest increase in efficiency of misincorporation for Tyr766Ser occurs for the misincorporation of TMP opposite template guanosine, a 44-fold increase. In contrast, the efficiencies of misincorporation of dAMP opposite template A, G, or C are little affected by the mutation. A determination of the kinetic parameters associated with a complete kinetic scheme has been made for Tyr766Ser. The rate of addition of the next correct nucleotide onto a preexisting mismatch is decreased for Tyr766Ser. The fidelity of Tyr766Phe was not substantially different from that of KF for the misincorporations examined, indicating that it is the loss of the phenolic ring of the side chain of Tyr766 that leads to the significant decrease in fidelity. The results indicate that KF actively participates in the reduction of misincorporations during the polymerization event and that Tyr766 plays an important role in maintaining the high fidelity of replication by KF.